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© A machine having a moid closing and opening 
cylinder (28) for moving a movable die plate (20) 
with a movable die (22) relative to a stationary die 
plate (12) having a stationary die (14), and a mold 
clamping cylinder (18) each having a cylinder hous- 
ing (24) and a piston (36) which partially define a 
first and a second fluid chamber (38, 40) whose 
volumes increase when the movable die plate is 
moved toward and away from the stationary die 
plate, respectively, by the mold closing cylinder. The 
clamping cylinder is connected to a hydraulic circuit 
(110), which permits a fluid to flow between the first 
and second chambers through a connecting line 
(134) when the movable and stationary die plates are 
moved relative to each other by the closing and 
opening cylinder. The hydraulic circuit is adapted to 
apply a fluid pressure to the first fluid chamber to 
clamp the movable and stationary dies together after 
the movable die is brought into abutting contact with 
the stationary die by the closing and opening cyl- 
inder. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 



The present invention relates generally to a 
machine having a mold consisting of a stationary 
die and a movable die which are clamped together 
to produce a formed product, and more particularly 
to an improved mold clamping device for clamping 
the mold. 

Discussion of the Prior Art 



As a machine for producing a formed product 
by molding, casting or pressing using a mold con- 
sisting of a stationary die and a movable die, there 
is widely known a forming machine of a mold- 
clamping type such as a casting machine for alu- 
minum alloys, in which the stationary and movable 
dies are clamped together by a clamping force. 
This mold-clamping type of forming machine in- 
cludes (a) a stationary die plate to which the sta- 
tionary die is fixed, (b) a movable die plate which 
carries the movable die such that the movable die 
faces the stationary die, and (c) a clamping hydrau- 
lic cylinder for moving the movable die plate to- 
ward and away from the stationary die plate. In this 
forming machine, an operation to produce a formed 
product such as a casting, molding or pressing is 
effected while the mold is in the clamped state, 
namely while the stationary and movable dies are 
clamped together. An example of the known mold- 
clamping type forming machine is disclosed in JP- 
A-3-1 55445 (laid-open publication of unexamined 
Japanese Patent Application), and is illustrated in 
Fig. 9, wherein a plurality of tie rods or guide posts 
3 are fixed to a stationary die plate 2 on which a 
stationary die 1 is fixedly disposed. The die bars 3 
extend upright from the stationary die plate 2, so 
that a movable die plate 5 which carries a movable 
die 4 is slidably guided by the guide posts 3 in the 
vertical direction. The movable die plate 5 is 
moved in the vertical direction by a mold closing 
and opening hydraulic cylinder 7 mounted on a 
bracket 6 which is attached to the upper ends of 
the guide posts 3. After the movable die 4 is 
brought into abutting contact with the stationary die 
1 by the hydraulic cylinder 7, the movable die plate 
5 is pressed toward the stationary die plate 2, also 
by the hydraulic cylinder 7, to force the movable 
die 4 against the stationary die 1, that is, to clamp 
the mold 1 , 4. 

In some operations of such mold-clamping 
type forming machines as described above, a rela- 
tively large clamping force must be applied to the 
mold. For instance, where a mold cavity defined by 
the stationary and movable dies in abutting contact 
with each other is filled with a molten metal for 



casting, pressurizing cylinders incorporated in the 
mold are activated to apply a high pressure to the 
mass of the molten metal in the mold cavity. In this 
case, the mold closing and opening hydraulic cyl- 

5 inder should have a sufficiently large pressure re- 
ceiving area. This means that a comparatively large 
amount of a working fluid should be supplied to the 
hydraulic cylinder to move the movable die plate 
for closing and opening the mold, whereby the 

w operating cycle time of the machines tends to be 
long, with a result of lowering the production effi- 
ciency. Although the cycle time can be shortened 
by using a hydraulic pump with a large delivery 
capacity for the mold closing and opening hydrau- 

15 lie cylinder, this leads to increased size and cost of 
the hydraulic system. 

Another form of the mold-clamping type for- 
ming machine as indicated above is disclosed in 
laid-open Publication No. 64-10394 of unexamined 

20 Japanese Utility Model Application. This forming 
machine is a pressing machine which includes (a) 
a stationary die plate to which a stationary die is 
fixed, (b) a plurality of guide posts attached upright 
to outer portions of the stationary die outside the 

25 periphery of the stationary die, (c) a plurality of 
mold clamping hydraulic cylinders having respec- 
tive pistons provided as integral parts of the re- 
spective guide posts, and respective cylinder hous- 
ings which axially slidably engage the respective 

30 guide posts and pistons, and (d) a movable die 
plate which is fixed to the cylinder housings of the 
moid clamping hydraulic cylinders and which car- 
ries a movable die such that the movable die faces 
the stationary die. The movable die plate is forced 

35 toward the stationary die plate by the mold clamp- 
ing hydraulic cylinders, so as to clamp the station- 
ary and movable dies together when a formed 
product is produced. This pressing machine in 
which the guide posts are utilized as part of the 

40 mold clamping hydraulic cylinders is simpler and 
more compact in construction than a machine in 
which the mold clamping hydraulic cylinders is/are 
mounted on a bracket fixed to the upper ends of 
the guide posts. 

45 In the pressing machine of the above type in 

which the cylinder housings of the mold clamping 
hydraulic cylinders are fixed to the movable die 
plate, the movable die plate tends to undergo 
buckling or bending deformation when the outer 

so portions of the movable die plate outside the pe- 
riphery of the movable die are forced toward the 
stationary die plate to clamp the mold. In this 
event, the attitude of the cylinder housings fixed to 
the buckled movable die plate is more or less 

55 changed, whereby the cylinder housings tend to 
exert a stress on the guide posts and the pistons, 
resulting in damaging the cylinder housings, guide 
posts and pistons, and an early local wear of the 
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sliding components, leading to shorted life expec- 
tancy of the machine. 

Where the forming machine of the mold-clamp- 
ing type as shown in Fig. 9 is used for casting or 
molding, the single mold closing and opening hy- 
draulic cylinder 7 forces a central portion of the 
movable die plate 5. This arrangement does not 
assure even distribution of the clamping force over 
the entire contacting surfaces of the movable and 
stationary dies 1, 4, which are outside the periph- 
ery of the mold cavity which is to be filled with a 
molten material such as a molten metal. Conse- 
quently, the clamped mold may have a local gap 
between the contacting surfaces of the two dies. In 
this event, the molten material tends to penetrate 
or leak through the gap, and the formed product 
may have burrs due to the penetration or leakage 
of the molten material. This problem is serious 
particularly on a casting machine in which a molten 
metal in the mold cavity is pressurized by suitable 
means. 

While the forming machine disclosed in the 
above-identified publication No. 64-10394 uses hy- 
draulic cylinders to force outer portions of the 
movable die plate toward the stationary die plate, 
this forming machine is a pressing machine adapt- 
ed to form plates or other planar workpieces under 
pressure, and does not suffer from the above prob- 
lem associated with the molten material in the mold 
cavity. 

SUMMARY OF THE INVENTION 

It is therefore a first object of the present 
invention to provide a forming machine wherein the 
mold can be opened and closed in a relatively 
short time and clamped with a sufficient force. 

A second object of this invention is to provide 
a forming machine which is protected against dam- 
age and shortened life of mold clamping hydraulic 
cylinders and guide posts, due to buckling de- 
formation of the movable die plate upon clamping 
of the mold. 

A third object of the invention is to provide a 
forming machine such as a casting or molding 
machine, wherein the mold having a cavity to be 
filled with a molten material is clamped so as to 
avoid burrs left on a produced formed product, or 
leakage of the molten material from the cavity. 

The first object indicated above may be 
achieved according to a first aspect of this inven- 
tion, which provides a forming machine having a 
stationary die plate, a stationary die fixed to the 
stationary die plate, a movable die plate, a movable 
die carried by the movable die plate and facing the 
stationary die, and at least one moid closing and 
opening hydraulic cylinder for moving the movable 
die plate toward and away from the stationary die 



plate, the stationary and movable dies cooperating 
to produce a formed product when the stationary 
and movable dies are clamped together after the 
movable die is brought into abutting contact with 
5 the stationary die, the forming machine comprising: 
(a) at least one mold clamping hydraulic cylinder 
each having a cylinder housing and a piston which 
are moved relative to each other as the movable 
die plate is moved relative to the stationary die 
w plate by the at least one mold closing and opening 
hydraulic cylinder, the cylinder housing and the 
piston cooperating to at least partially define a first 
fluid chamber whose volume increases when the 
movable die plate is moved toward the stationary 
75 die plate, and a second fluid chamber whose vol- 
ume increases when the movable die plate is 
moved away from the stationary die plate; and (b) 
a mold clamping hydraulic circuit for permitting a 
working fluid to flow between the first and second 
20 fluid chambers when the movable and stationary 
die plates are moved relative to each other- by the 
at least one mold closing and opening hydraulic 
cylinder, and for applying a pressure of the-fluid to 
the first fluid chamber to clamp the movable and 
25 stationary dies together after the movable die is 
brought into abutting contact with the stationary die 
by the at least one mold closing and opening 
hydraulic cylinder. 

In the forming apparatus constructed to the first 
30 aspect of the present invention as described above, 
the movable die plate is moved toward and away 
from the stationary die plate by the mold closing 
and opening hydraulic cylinder or cylinders, to 
close and open a mold which consists of the sta- 
35 tionary and movable dies. The movements of the 
movable die plate to close and open the mold do 
not require a large drive force as required to clamp 
the mold, the pressure receiving surface area of 
the mold closing and opening cylinders can be 
40 made relatively small, and therefore the mold can 
be closed and opened in a relatively short time 
even when the delivery capacity or rating of a 
hydraulic pump for the mold closing and opening 
hydraulic cylinder or cylinders is relatively small. 
45 When the mold is closed or opened, the working 
fluid flows between the first and second fluid cham- 
bers of each mold clamping hydraulic cylinder, as 
the movable die plate is moved toward and away 
from the stationary die plate by the mold closing 
so and opening hydraulic cylinder or cylinders. 

After the movable die is brought into abutting 
contact with the stationary die with the movable die 
plate moved toward the stationary die plate by the 
mold closing and opening hydraulic cylinder or 
55 cylinders, the pressurized fluid is supplied to the 
first fluid chamber of the mold clamping hydraulic 
cylinder or cylinders, to clamp the movable and 
stationary dies together, that is, to firmly clamp the 
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mold.. To obtain a sufficient clamping force, each 
mold clamping hydraulic cylinder should have a 
comparatively large pressure receiving surface 
area. In this respect, it is noted that the first fluid 
chamber of the clamping hydraulic cylinder is al- 
ready filled with the working fluid, and therefore 
only a small amount of flow of the fluid into the first 
fluid chamber is sufficient to clamp the mold. Ac- 
cordingly, the mold can be firmly clamped in a 
short time even where the hydraulic pump to de- 
liver the pressurized fluid to the mold clamping 
hydraulic cylinder or cylinders has a relatively 
small capacity. Thus, the present forming machine 
is adapted to close and open the mold in a rela- 
tively short time and clamp the mold with a suffi- 
cient force, even when the hydraulic pump for the 
mold closing and opening and mold clamping hy- 
draulic cylinders has a comparatively small delivery 
capacity. 

The second object indicated above may be 
achieved according to a second aspect of the 
present invention, which provides a forming ma- 
chine having a stationary die plate, a stationary die 
fixed to the stationary die plate, a movable die 
plate, a movable die carried by the movable die 
plate and facing the stationary die, a plurality of 
guide posts fixed to outer portions of the stationary 
die plate outside an inner portion of the stationary 
die plate to which the stationary die is fixed, and a 
plurality of mold clamping hydraulic cylinders hav- 
ing respective pistons provided on the guide posts, 
respectively, the mold clamping hydraulic cylinders 
further having respective cylinder housings which 
are fixed to the movable die plate and axially 
slidably engage the guide posts and the pistons, 
the stationary and movable dies cooperating to 
produce a formed product when the stationary and 
movable dies are clamped together by the mold 
clamping hydraulic cylinders, the forming machine 
comprising a two-piece sliding member interposed 
between the movable die plate and the cylinder 
housing of each of the hydraulic cylinders. The 
two-piece sliding member consists of a first mem- 
ber and a second member which slidably contact 
each other and one of which has a part-spherical 
surface whose spherical center lies on a center line 
of the cylinder housing. 

In the forming machine constructed according 
to the second aspect of this invention as described 
above, the two-piece sliding member or washer is 
interposed between the movable die plate and the 
cylinder housing of each mold clamping hydraulic 
cylinder. If the movable die plate is buckled or bent 
upon clamping of the mold, the first and second 
members of the two-piece sliding member are 
slidably displaced relative to each other via the 
part-spherical surface. This relative displacement 
prevents or minimizes a change in the attitude of 



the cylinder housings due to the buckling or bend- 
ing deformation of the movable die plate, while 
avoiding a stress being exerted to the guide posts 
and pistons. Thus, the provision of the two-piece 

5 sliding member between each cylinder housing and 
the movable die plate is effective to protect the 
mold clamping hydraulic cylinders and the guide 
posts against damaging and local wearing due to 
buckling of the movable die plate, and thereby 

w improve the life expectancy of the hydraulic cyl- 
inders and guide posts. 

The third object indicated above may be 
achieved according to a third aspect of this inven- 
tion, which provides a forming machine having a 

75 stationary die plate, a stationary die fixed to the 
stationary die plate, a movable die plate, a movable 
die carried by the movable die plate and facing the 
stationary die, and clamping means for forcing the 
movable die plate toward the stationary die plate to 

20 clamp the movable and stationary dies together, 
the movable and stationary dies cooperating to 
define a mold cavity which is to be filled with a 
molten material, to produce a formed product, 
wherein the clamping means comprises a plurality 

25 of mold clamping hydraulic cylinders disposed out- 
side a periphery of the movable die, to force re- 
spective outer portions of the movable die plate 
which are outside an inner portion of the movable 
die plate to which the movable die is fixed. 

30 In the forming machine constructed according 

to the third aspect of the present invention as 
described above, two or more mold clamping hy- 
draulic cylinders are disposed outside the periph- 
ery of the movable die, to force the respective 

35 outer portions of the movable die plate which are 
outside the inner portion of the movable die plate 
to which the movable die is fixed. Therefore, the 
contacting surfaces of the stationary and movable 
dies, in particular, the areas of these contacting 

40 surfaces which are outside the periphery of the 
mold cavity are substantially evenly firmly pressed 
against each other, without a gap left therebetween 
due to buckling of the movable die plate. Accord- 
ingly, the mold clamping hydraulic cylinders dis- 

45 posed as described above are effective to avoid 
the penetration or leakage of the molten material 
into or through the above-indicated gap. Thus, the 
present forming machine assures a cast or molded 
product without burrs due to the penetration of the 

so molten material in between the contacting surfaces 
of the stationary and movable dies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 The above and optional objects, features and 

advantages of the present invention will become 
more apparent by reading the following detailed 
description of a presently preferred embodiment of 
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the invention, when considered in connection with 

the accompanying drawings, in which: 

Fig. 1 is a plan view of one embodiment of a 
forming machine of the present invention, in the 
form of a casting or molding machine of a mold- 
clamping type; 

Fig. 2 is a front elevational view of the pressure 
casting machine of Fig. 1; 
Fig. 3 is an elevational view in axial cross sec- 
tion of one of mold clamping hydraulic cylinders 
used in the casting machine of Fig. 1; 
Fig. 4 is a diagram showing a hydraulic circuit 
for closing and opening a mold of the casting 
machine of Fig. 1; 

Fig. 5 is a diagram showing a hydraulic circuit 
for clamping and unclamping the mold of the 
casting machine of Fig. 1; 
Fig. 6 is a graph indicating an operation of the 
casting machine of Fig. 1; 

Fig. 7 is a schematic elevational view in cross 
section of the mold in the clamped state; 
Fig. 8 is a view explaining an operation of a two- 
piece washer used in the casting machine of 
Fig. 1 ; and 

Fig. 9 is a schematic elevational view in cross 
section of a known mold-clamping type casting 
machine. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs. 1 and 2, the forming 
machine in the form of a casting or molding ma- 
chine of a mold-clamping type is generally in- 
dicated at 10. The casting machine 10 has a sta- 
tionary die plate in the form of a base 12 on which 
is fixed a stationary die 14. Four guide posts 16 
extend upright in parallel with each other, from 
respective four portions of the base 12 which are 
outside the periphery of the stationary die 14. 

Respective four mold clamping hydraulic cyl- 
inders 18 (hereinafter referred to as "clamping cyl- 
inders") are associated with the respective guide 
posts 16, and a movable die plate 20 is movably 
connected to the guide posts 16 via the clamping 
cylinders 18, such that the movable die plate 20 is 
■substantially parallel with the base 12. The mov- 
able die plate 20 carries a movable die 22 fixed to 
its underside, such that the movable die 22 faces 
the stationary die 14 in the downward direction. 
The stationary and movable dies 14, 22 cooperate 
to form a casting mold of the machine. 

The movable die plate 20 is connected to 
cylinder housings 24 of the clamping cylinders 18, 
and is movable with the cylinder housings 24, in 
the vertical direction while being guided by the 
guide posts 16. The cylinder housings 24 of the 
two clamping cylinders 18 at the upper left and 



lower right corners of the movable die plate 20 as 
seen in Fig. 1 are connected to respective piston 
rods 30 of mold closing and opening hydraulic 
cylinders 28 (hereinafter referred to as "closing and 
5 opening cylinders"), via respective connecting 
members 26, as shown in Fig. 2. The cylinders 28 
have respective cylinder housings 32 which are 
secured to respective brackets 34 which extend 
from the sides of the base 12. The cylinder hous- 
w ings 32 extend upright in parallel with the guide 
posts 16, with a suitable spacing therebetween in 
the horizontal direction. The piston rods 30 axially 
slidably engage the cylinder housings 32, so that 
the movable die plate 20 is movable with the 
75 cylinder housings 24 of the clamping cylinders 18 
in the vertical direction, with the pistons on the 
piston rods 30 being moved within the cylinder 
housings 32. 

Referring next to Fig. 3, the clamping cylinders 
20 18 will be described in detail. Each guide post 16 
is provided at an axially middle portion thereof with 
an integrally formed piston 36. The corresponding 
cylinder housing 24 axially slidably engages the 
guide post 16 and the piston 36. Sealing members 
25 are provided on the inner circumferential surface of 
the cylinder housing 24 which slidably contacts the 
guide post 16, and on the outer circumferential 
surface of the piston 36 which slidably contacts the 
cylinder housing 24. Further, an O-ring is provided 
30 between the guide post 16 and the piston 36. Thus, 
the cylinder housing 24, guide post 16 and piston 
36 cooperate with each other to define two fluid- 
tight chambers, namely, a first fluid chamber 38 on 
the lower side of the piston 36, and a second fluid 
35 chamber 40 on the upper side of the piston 36. 
The clamping cylinder 18 is operated such that the 
volume of the first fluid chamber 38 is increased to 
lower the cylinder housing 24 or to move the 
movable die plate 20 toward the base 12, and such 
40 that the volume of the second fluid chamber 40 is 
increased to elevate the cylinder housing 24 or to 
move the movable die plate 20 away from the base 
12. The pressure-receiving surface area and the 
thrust force of each clamping cylinder 18 are suffi- 
45 ciently larger than those of each mold closing and 
opening cylinder 28. To clamp the stationary and 
movable dies 14, 22, a hydraulic pressure is ap- 
plied to the first fluid chamber 38 in the closed 
state of the mold of Fig. 3 in which the movable die 
so plate 20 and cylinder housings 24 are placed in the 
lowermost position by the closing and opening 
cylinders 28. As a result, the two dies 14, 22 are 
clamped together with a sufficiently larger force 
(e.g.. 4.9 x 10 6 N or approximately 500t per each 
55 cylinder 18) than the force produced by the two 
cylinders 28. 

The cylinder housing 24 of each clamping cyl- 
inder 18 extends through a through-hole 42 formed 




through the movable die plate 20, and is provided 
with a flange 44 fixed at its upper end. The flange 
44 has a larger outside diameter than the diameter 
of the through-hole 42, and is located above the 
upper surface of the movable die plate 20. On the 
other hand, the movable die plate 20 has a mount- 
ing ring 46 secured to its upper surface. The 
mounting ring 48 has an inward flange 46 at its 
upper end, which has a smaller inside diameter 
than the outside diameter of the flange 44. The 
inward flange 46 of the mounting ring 48 loosely 
engages the flange 44 of the cylinder housing 24, 
as described below, whereby the cylinder housing 
24 and the movable die plate 20 are connected to 
each other. 

Between the lower surface of the flange 44 and 
the upper surface of the movable die plate 20, 
there is interposed a sliding member in the form of 
a two-piece washer 50 which consists of a lower 
ring 52 having a concave conical upper surface, 
and an upper ring 54 having a part-spherical sur- 
face whose spherical center lies on a center line 
01 of the cylinder housing 24. In operation, the 
lower and upper rings 52, 54 slidably contact each 
other. Between the surface defining the through- 
hole 42 and the outer circumferential surface of the 
cylinder housing 24, there is provided a small 
clearance of about 5mm in diameter. Further, the 
dimension between the upper surface of the two- 
piece washer 50 and the underside of the inward 
flange 46 of the mounting ring 48 is made slightly 
larger than the thickness of the flange 44, so as 
permit a relative displacement between the cylinder 
housing 24 and the movable die plate 20. 

The stationary die 14 and the movable die 22 
have respective recesses which define a mold cav- 
ity 56 as indicated in Fig. 7, when the movable die 
22 is brought into abutting contact with the station- 
ary die 14, that is, when the mold 14, 22 is closed 
with the movable die plate 20 placed in the lower- 
most position. The mold cavity 56 corresponds to a 
profile of an article to be produced by casting or 
molding. More specifically, a molten material such 
as a molten aluminum alloy is fed or forced into the 
mold cavity 56, from a suitable reservoir located 
below the base 12, by a suitable feed device such 
as a pump. With the cavity 56 in the closed mold 
14, 22 filled with the molten metal, pressurizing 
cylinders 58 disposed in the dies 14, 22 are ac- 
tivated to apply a high pressure (for example, ap- 
prox. 9 x 10 7 to 14.7 x 10 7 Pa, or approx. 500- 
1500kgf/cm 2 ) to the molten metal in the cavity 56. 
Usually, the mold cavity 56 is evacuated to approx. 
13.3 x 10 2 Pa (approx. 10torr) or lower, by a suitable 
evacuating device, prior to the filling of the cavity 
56 with the molten metal. As well known in the art, 
the movable die 22 incorporates ejector or knock- 
pins which are activated by pneumatically operated 



ejector cylinders 60 provided on the movable die 
plate 20, to eject the casting from the mold 14, 22. 

The mold-clamping type casing machine 10 
has hydraulic circuits 62 and 110 as shown in Figs. 

5 4 and 5, for operating the mold closing and open- 
ing cylinders 28 and the mold clamping cylinders 
18, respectively. 

The hydraulic circuit 62 of Fig. 4 for the mold 
closing and opening cylinders 28 has a hydraulic 

70 power source in the form of a hydraulic pump 66 
driven by an electric motor 64. A working fluid 
stored in a reservoir 68 is pressurized by the pump 
66, and delivered into a supply line 70 through a 
pressure relief valve, etc. The supply line 70 has a 

75 check valve 72 and a pressure reducing valve 74, 
and is connected to a solenoid-operated 4-position 
pilot control valve 76. Between the check valve 72 
and the pressure reducing valve 74, there are con- 
nected gas-charged accumulators 78. The 4-posi- 

20 tion pilot control valve 76 has: a first position for 
connecting the supply line 70 to a mold closing line 
80 and connecting a mold-opening line 82 to a 
drain line 84; a second position for disconnecting 
the supply line 70 and connecting the mold-closing 

25 and mold-opening lines 80, 82 to the drain line 84; 
a third position for connecting the supply line 70 to 
the mold-closing and mold-opening lines 80, 82 
and disconnecting the drain line 84; and a fourth 
position for connecting the supply line 70 to the 

30 mold-opening line 82 and connecting the mold- 
closing line 80 to the drain line 84. When the 
control valve 76 is placed in the first position, a 
pilot pressure is applied to a pilot line 86. When 
the control valve 76 is in the fourth position, a pilot 

35 pressure is applied to a pilot line 88. 

The mold-closing line 80 has a pilot-operated 
check valve 90, a flow control valve 92 and a flow 
divider valve 94, and communicates with a mold- 
closing fluid chamber 96 of each of the first pair of 

40 mold closing and opening cylinders 28. On the 
other hand, the mold-opening line 82 has a pilot- 
operated check valve 98, a counterbalance valve 
100, a flow control valve 102 and a flow divider 
valve 104, and communicates with a mold-opening 

45 fluid chamber 106 of each of the second pair of 
mold closing and opening cylinders 28. The pilot 
line 86 is connected to the check valve of the flow 
control valve 92 and to the check valve 98. These 
check valves 92, 98 are opened when the pilot 

so pressure is applied to the pilot line 86, that is, 
when the pilot control valve 76 is operated to the 
first position. The pilot line 88 is connected to the 
counterbalance valve 100, check valve of the flow 
control valve 102 and check valve 90. These valve 

55 100 and check valves 102, 90 are opened when the 
control valve 76 is operated to the fourth position to 
apply the pilot pressure to the pilot line 88. 
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The hydraulic circuit 110 of Fig. 5 for the mold 
clamping cylinders 18 has a hydraulic power 
source in the form of a hydraulic pump 114 driven 
by an electric motor 112. The working fluid stored 
in the reservoir 68 is pressurized by the pump 114, 
and delivered into a supply line 116 through a 
pressure relief valve, etc. The supply line 116 has 
a check valve 118, and is connected to a solenoid- 
operated 3-position control valve 120. Between the 
check valve 118 and the 3-position control valve 
120, there are connected gas-charged accumula- 
tors 122. The 3-position control valve 120 has: a 
first position for connecting the supply line 116 to a 
mold-clamping line 124 and connecting a mold- 
unclamping line 126 to a drain line 128; a second 
position for disconnecting the supply line 116 and 
connecting the mold-clamping and mold-unclam- 
ping lines 124, 126 to the drain line 128; and a 
third position for connecting the supply line 116 to 
the mold-unclamping line 126 and connecting the 
mold-clamping line 124 to the drain line 128. The 
moid-clamping and mold-unclamping lines 124, 
126 have respective pilot-operated check valves 
130, 132. The mold-clamping line 124 commu- 
nicates with the first fluid chamber 38 of each 
clamping cylinder 18, while the mold-unclamping 
line 126 communicates with the second fluid cham- 
ber 40 of each clamping cylinder 18. The check 
valve 130 is opened when the pressurized fluid is 
applied from the supply line 116 to the mold- 
unclamping line 126. The check valve 132 is 
opened when the pressurized fluid is applied from 
the supply line 116 to the mold-clamping line 124. 

The mold-clamping and mold-unclamping lines 
124, 126 are connected to each other by a con- 
necting line 134, between respective check valves 
130, 132 and the clamping cylinder 18. The con- 
necting line 134 has a pilot-operated check valve 
136, which always permits a flow of the fluid from 
the mold-unclamping line 126 to the mold-clamping 
line 124. The check valve 136 is opened permitting 
the flow flows in the opposite directions, when the 
fluid is applied from the supply line 116 to a pilot 
line 142 through a flow control valve 138 and a 
solenoid-operated 2-position pilot control valve 140. 
The 2-position control valve has a first position for 
connecting the supply line 116 to the pilot line 142, 
and a second position for connecting the pilot line 
142 to the drain line 128. The control valve 140 is 
spring-biased toward the second position. Between 
the check valve 130 in the mold-clamping line 124 
and the clamping cylinder 18, there is connected 
the drain line 128, through a flow restrictor 144 and 
a solenoid-operated 2-position control valve 146. 
The 2-position control valve 146 has a first position 
for connecting the mold-clamping line 124 to the 
drain line 128, and a second position for discon- 
necting these lines 124, 128 from each other. The 



control valve 146 is spring-biased toward the sec- 
ond position. 

The hydraulic circuit including the control 
valves 120, 140, 146 and the other components 
5 described above by reference to Fig. 5 is provided 
for each of the four clamping cylinders 18, and the 
supply line 116 is branched, at a point downstream 
of the point of connection to the accumulators 122, 
for connection to the four hydraulic circuits for the 
70 four clamping cylinder 18. 

The present mold-clamping type casting ma- 
chine 10 is operated under the control of a se- 
quence controller which is adapted to receive out- 
put signals of various detectors for detecting the 
75 operating conditions of the respective members of 
the machine. The detectors include a limit switch 
150 as shown in Fig. 3, for detecting the closing of 
the mold 14, 22, upon lowering of the movable die 
plate 20. The sequence controller controls the 
20 solenoid-operated control valves 76, 120, 140, 146 
in a predetermined sequence, according to the 
output signals of the detectors and according to a 
predetermined time schedule. The control valves 
120, 140, 146 for the four clamping cylinders 18 
25 are simultaneously operated. 

Referring to the time chart of F f ig. 6, there will 
be described operations of the casting machine 10 
to close and open the mold 14, 22 and to clamp 
and unclamp the mold. It is to be understood that 
30 the times or points of times t1-t5 indicated in the 
time chart of Fig. 6 are given for illustrative pur- 
pose only, and should not be interpreted to ac- 
curately represent the actual mold, closing, open- 
ing, clamping and unclamping operations. 
35 In the initial position of the present mold- 

clamping type casting machine, the movable die 
plate 20 is in the uppermost position, and the 
movable die 22 is spaced apart from the stationary 
die 14 in the vertical direction. In this condition, the 
40 4-position pilot control valve 76 in the mold closing 
and opening hydraulic circuit 62 is operated to the 
first position, to connect the supply line 70 to the 
mold-closing line 80 and connect the mold-opening 
line 82 to the drain line 84. As a result, the check 
45 valve of the flow control valve 92 and the check 
valve 98 are opened by the pilot pressure applied 
to the pilot line 86, whereby the pressurized work- 
ing fluid delivered from the hydraulic pump 66 is 
supplied from the supply line 70 substantially 
so equally to the mold-closing chambers 96 of the two 
closing and opening cylinders 28, through the 
mold-closing line 80, while at the same time the 
working fluid discharged from the mold-opening 
chambers 106 is returned to the reservoir 68 
55 through the mold-opening line 82 and the drain line 
84. Consequently, the movable die plate 20 is 
lowered to the lowermost position in which the 
movable die 22 is in abutting contact with the 
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stationary die 14. Thus, the mold 14, 22 is closed. 
While the movable die plate 20 is lowered to close 
the mold 14, 22, the 3-position and 2-position con- 
trol valves 120, 140, 146 in the mold-clamping 
hydraulic circuit 110 are placed in their second 
position, in which the flows of the fluid from the 
fluid chambers 38, 40 of the clamping cylinders 18 
to the drain line 128 are inhibited by the check 
valves 130, 132, but the flow of the fluid from the 
mold-unclamping line 126 to the mold-clamping 
line 124 is permitted through the connecting line 
134 and the check valve 136. Therefore, the fluid 
which is forced out of the second fluid chambers 
40 of the clamping cylinders 18 due to the lowering 
of the cylinder housings 24 with the movable die 
plate 20 is permitted to flow into the first fluid 
chambers 38 through the connecting line 134. In 
the time chart of Fig. 6, t1 represents a point of 
time at which the mold 14, 22 is closed by the 
downward movement of the movable die plate 20. 

Upon detection of the closing of the mold 14, 
22 by the limit switch 150, the 3-position control 
valve 120 in the mold-clamping hydraulic circuit 
110 is switched to the first position to connect the 
supply line 116 to the mold-clamping line 124 and 
connect the mold-unclamping line 126 to the drain 
line 128. As a result, the pressurized fluid delivered 
from the hydraulic pump 114 is supplied from the 
supply line 116 to the first chambers 38 of the 
clamping cylinders 18, through the mold-clamping 
line 124, whereby the movable die 22 is firmly 
forced against the stationary die 14, via the mov- 
able die plate 20 fixed to the cylinder housings 24. 
Thus, the mold 14, 22 is clamped. Since the mold 
14, 22 has been closed prior to its clamping, only a 
small amount of flow of the fluid into the first fluid 
chamber 38 of each clamping cylinder 18 is suffi- 
cient to clamp the mold 14, 22, while the fluid 
forced out of the second fluid chamber 40 is re- 
turned to the reservoir 68 through the drain line 
128, via the check valve 132 which is opened by 
the pressure in the mold-clamping line 124. In Fig. 
6, t2 represents a point of time at which the mold 
14, 22 has been clamped together by the clamping 
cylinders 18. 

In the clamped state of the mold 14, 22, the 
mold cavity 56 is evacuated, and a molten metal is 
injected into the cavity 56 through a suitable feed 
passage. With the feed passage closed, the pres- 
surizing cylinders 58 are operated to pressurize the 
molten metal in the cavity 56. The cylinders 58 are 
held in the operated state for a time period t3-t4 as 
indicated in Fig. 6. During this time period, the 
molten metal in the cavity 56 is solidified into a 
casting whose profile is defined by the cavity 56. 

When the pressurizing cylinders 58 are re- 
stored to the non-operated position, the 3-position 
control valve 120 in the mold clamping hydraulic 



554 662 A1 




circuit 110 is returned to the second position, while 
the 2-position control valve 146 in the same circuit 
110 is switched to the first position, whereby the 
first chambers 38 are brought into communication 

5 with the drain line 128 through the mold-clamping 
line 124, the flow restrictor 144 and the 2-position 
control valve 146. As a result, the fluid pressure 
within the first chambers 38 is released, so that the 
clamped state of the mold 14, 22 is released. In 

10 Fig, 6, t5 represents a point of time at which the 
mold 14, 22 has been undamped. 

Then, the 2-position control valve 46 is re- 
turned to the second position to disconnect the 
mold-clamping line 124 and the drain line 128 from 

75 each other, while the 2-position control valve 140 is 
switched to the first position to apply the pilot 
pressure to the pilot line 142, for opening the 
check valve 136 and thereby permitting the fluid 
flow from the mold-clamping line 124 to the mold- 

20 unclamping line 126. Then, the 4-position control 
valve 76 in the mold opening and closing hydraulic 
circuit 62 is operated to the fourth position, to 
connect the supply line 70 to the mold-opening line 
82 and connect the mold-closing line 80 to the 

25 drain line 84, whereby the counterbalance valve 
100, the check valve of the flow control valve 102 
and the check valve 90 are opened by the pilot 
pressure applied to the pilot line 88. As a result, 
the fluid from the pump 66 is supplied from the 

30 supply line substantially equally to the mold-open- 
ing chambers 106 of the two closing and opening 
cylinders 28 through the mold-opening line 82, 
while at the same time the fluid forced out of the 
mold-closing chambers 96 is returned to the reser- 

35 voir 68 through the mold-closing line 80 and the 
drain line 84. Thus, the movable die plate 20 is 
elevated to move the movable die 22 from the 
stationary die 14, whereby the mold 14, 22 is 
opened. At this time, the cylinder housings 24 of 

40 the clamping cylinders 18 are moved up with the 
movable die plate 20, and the fluid forced out of 
the first fluid chambers 38 is permitted to flow into 
the second fluid chambers 40 through the connect- 
ing line 134 and the check valve 136, since the 2- 

45 position control valve 140 in the mold clamping 
hydraulic circuit 110 has been switched to the first 
position which permits the fluid flow from the mold- 
clamping line 124 to the mold-unclamping line 126. 
During this upward movement of the movable die 

so 22 away from the stationary die 14, the pneumatic 
cylinders 60 are activated so that the ejector pins 
disposed in the movable die 22 are pushed to eject 
the casing off the movable die 22. 

As described above, the present casting ma- 
ss chine 10 is provided with the mold closing and 
opening hydraulic cylinders 28 and the mold 
clamping hydraulic cylinders 18, so that the mold 
14, 22 is closed and opened by the hydraulic 



8 



15 



EP 0 554 662 A1 



cylinders 28, and is clamped and undamped by 
the hydraulic cylinders 18. Since the movements of 
the movable die plate 20 to close and open the 
mold 14, 22 do not require a large drive force as 
required to clamp the mold 14, 22, the closing and 
opening cylinders 28 may be designed to have a 
relatively smalt pressure receiving surface area, 
and the mold 14, 22 can be closed and opened in 
a sufficiently short time even if the delivery capac- 
ity of the hydraulic pump 66 is relatively small. On 
the other hand, the clamping cylinders 18 to clamp 
the mold 14, 22 should have a comparatively large 
pressure receiving surface area so as to assure a 
large clamping force which can withstand the pres- 
sure of the molten metal raised by the pressurizing 
cylinders 58. In this respect, it is noted that the 
fluid forced out of the second fluid chamber 40 of 
each clamping cylinder 18 is fed into the first fluid 
chamber 38 as the movable die plate 20 is lowered 
to close the mold 14, 22. To clamp the mold 14, 
22, therefore only a small amount of flow of the 
fluid into the first fluid chamber 38 is sufficient. 
Accordingly, the mold 14, 22 can be firmly 
clamped in a short time even if the delivery capac- 
ity of the hydraulic pump 114 is relatively small. 
Thus, the hydraulic unit including the pumps 66, 
114 can be made compact, while permitting the 
casting machine 10 to perform a casting operation 
in a short cycle time, with a sufficient clamping 
force of the mold 14, 22. 

Further, the present casting machine 10 does 
not suffer from burrs on the casting produced, due 
to penetration of the molten metal in between the 
contacting surfaces of the stationary and movable 
dies 14, 22, or leakage of the molten metal through 
a gap between the contacting surfaces. Described 
more specifically, the four clamping cylinders 18 
are provided so as to be located around the periph- 
ery of the movable die 22, so that the movable die 
plate 20 is pressed downward toward the base 12, 
at its four corner portions which are outside and 
spaced apart from the periphery of the movable die 
22, as most clearly indicated in Fig. 1. Hence, the 
contacting surfaces of the stationary and movable 
dies 14, 22, in particular, the areas of these con- 
tacting surfaces which are outside the periphery of 
the mold cavity 56 are substantially evenly firmly 
pressed against each other, without a gap left 
therebetween due to buckling or bending of the 
movable die plate 20. Accordingly, the four clamp- 
ing cylinders 18 are effective to avoid the above- 
indicated penetration or leakage of the molten met- 
al even when the molten mass is pressurized by 
the pressurizing cylinders 58. Moreover, the clamp- 
ing cylinders 18 provided on the guide posts 16 
allow for simpler construction of the casting ma- 
chine 10, than the known arrangement of Fig. 9 in 
which a clamping cylinder is disposed on a bracket 



fixed to the ends of the guide posts, to move the 
movable die plate. 

When a relatively high pressure is applied to 
the molten metal in the mold cavity 56 after the 
5 mold 14, 22 is firmly clamped with the movable die 
plate 20 pressed toward the base 12 by the clamp- 
ing cylinders 18, the movable die plate 20 tends to 
be convexedly buckled or warped as indicated in 
Fig. 7, particularly, at its peripheral portions at 
w which the clamping cylinders 18 are provided. If 
the movable die plate 20 and the cylinder housings 
24 of the clamping cylinders 18 were rigidly con- 
nected to each other, buckling or bending deforma- 
tion of the movable die plate 20 would cause a 
75 change in the attitude of the cylinder housings 24, 
which results in a stress being exerted on the 
vertically extending guide posts 16 and the pistons 
36 on the posts 16, and a consequent risk of 
damaging the clamping cylinders 18 and/or an ear- 
20 ly local wear of the slidably engaging components. 

In the light of the above drawback, the present 
casting machine 10 employs the two-piece washers 
50 between the cylinder housings 24 and the mov- 
able die plate 20, so as to allow a slight amount of 
25 relative displacement of the cylinder housings 24 
and the movable die plate 20. Namely, relative 
sliding movements of the lower and upper rings 52, 
54 of the two-piece washers 50 prevent the cor- 
responding cylinder housings 24 from changing 
30 their attitude relative to the guide posts 16, even 
when the movable die plate 20 undergoes buckling 
or bending deformation upon activation of the pres- 
surizing cylinders 58, whereby the guide posts 16 
and the pistons 36 are protected from a stress 
35 which would otherwise occur upon the buckling 
deformation of the movable die plate 20. Described 
more particularly by reference to Fig. 8, the lower 
and upper rings 52, 54 of the two-piece washers 50 
are substantially concentric or coaxial with each 
40 other as indicated by solid lines in Fig. 8, when the 
mold 14, 22 is closed by the closing and opening 
cylinders 28. When the cylinder housings 24 are 
forced down by the clamping cylinders 18, and the 
movable die plate 20 is buckled with its peripheral 
45 portions displaced downward, the lower ring 52 on 
the side of the movable die plate 20 is displaced 
such that a center line 02 of the lower ring 52 is 
inclined with respect to the center line of the guide 
posts 16, as indicated by one-dot chain lines in 
50 Fig. 8. At this time, however, the part-spherical 
lower surface of the upper ring 54 on the side of 
the cylinder housings 24 slides on the upper sur- 
face of the lower ring 52, so that the cylinder 
housings 24 are kept coaxial with the guide posts 
55 16. Therefore, the cylinder housings 24 can be 
moved exactly in the vertical direction, along the 
center line of the guide posts 16 whose attitude is 
also kept in the vertical direction. Thus, the present 
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arrangement is effective to avoid a change in the 
attitude of the cylinder housings 24 due to the 
buckling or bending deformation of the movable die 
plate 20, that is, effective to prevent a damage of 
the clamping cylinders 18 and a local wear of the 
slidably engaging components associated with the 
clamping cylinders 18, whereby the life expectancy 
of the components is prolonged. As described 
above, there is provided a clearance between the 
cylinder housings 24 and the through-holes 42 
formed through the movable die plate 20, for the 
purpose of permitting the relative displacement be- 
tween the cylinder housings 24 and the movable 
die plate 20. 

While the present invention has been de- 
scribed in detail in its presently preferred embodi- 
ment, it is to be understood that the invention may 
be otherwise embodied. 

Although the casting machine 10 of mold- 
clamping type has been described as one embodi- 
ment of the present invention, the constructional 
features of the machine 10 are applicable to a 
casting machine without the pressurizing cylinders 
58, and to molding machines such as injection 
molding machines, and various press-forming ma- 
chines such as bending and drawing machines. 

While the illustrated casting machine 10 has 
the four mold clamping cylinders 18 and the two 
mold closing and opening cylinders 28, the num- 
bers, positions and size of these cylinders 18, 28 
may be changed as needed. 

In the illustrated embodiment, the hydraulic 
circuits 110, 62 having the respective hydraulic 
pumps 114, 66 are provided for the cylinders 18 
and the cylinders 28, respectively, the two pumps 
114, 66 may be replaced by a single pump, and 
other modifications may be made in respect of the 
hydraulic circuit arrangement for the cylinders 18, 
28. 

The two-piece washer 50 interposed between 
each cylinder housing 24 and the movable die 
plate 20 in the illustrated embodiment includes the 
upper ring 54 whose lower surface is part-spheri- 
cal. However, the lower and upper rings 52, 54 
may be reversed in position. That is, the lower ring 
may have a part-spherical upper surface. Further, 
the upper surface of the lower ring 52 is not limited 
to a concave conical configuration, and may be 
slightly convex at a radially middle portion thereof. 
The two-piece washer 50 may be constituted by 
two portions of the movable die plate 20 and the 
corresponding cylinder housing 24, one of which 
has a part-spherical surface whose spherical center 
lies on the center line 01 of the cylinder housing 
24. 

It is to be understood that the present invention 
may be embodied with various other changes, 
modifications and improvements, which may occur 



to those skilled in the art, in the light of the fore- 
going teaches, without departing from the spirit and 
scope of the invention defined in the following 
claims. 

5 

Claims 

1. A forming machine having a stationary die 
plate (12), a stationary die (14) fixed to the 

10 stationary die plate, a movable die plate (20), a 

movable die (22) carried by the movable die 
plate and facing the stationary die, and at least 
one mold closing and opening hydraulic cyl- 
inder (28) for moving said movable die plate 

15 toward and away from said stationary die plate, 

said stationary and movable dies cooperating 
to produce a formed product when the station- 
ary and movable dies are clamped together 
after said movable die is brought into abutting 

20 contact with said stationary die, characterized 

by comprising: 

at least one mold clamping hydraulic cyl- 
inder (18) each having a cylinder housing (24) 
and a piston (36) which are moved relative to 

25 each other as said movable die plate (20) is 

moved relative to said stationary die plate (12) 
by said at least one mold closing and opening 
hydraulic cylinder (28), said cylinder housing 
and said piston cooperating to at least partially 

30 define a first fluid chamber (38) whose volume 

increases when said movable die plate is 
moved toward said stationary die plate, and a 
second fluid chamber (40) whose volume in- 
creases when said movable die plate is moved 

35 away from said stationary die plate; and 

a mold clamping hydraulic circuit (110) for 
permitting a working fluid to flow between said 
first and second fluid chambers when said 
movable and stationary die plates are moved 

40 relative to each other by said at least one mold 

closing and opening hydraulic cylinder (28), 
and for applying a pressure of the fluid to said 
first fluid chamber to clamp said movable and 
stationary dies (14, 22) together after said 

45 movable die is brought into abutting contact 

with said stationary die by said at least one 
mold closing and opening hydraulic cylinder 
(28). 

so 2. A forming machine according to claim 1, 
wherein said mold clamping hydraulic circuit 
(110) has a connecting line (134) which con- 
nects said first and second fluid chambers (38, 
40) so as to permit a flow of said working fluid 

55 from said second fluid chamber (40) into said 

first fluid chamber (38) when said movable die 
plate (20) is moved toward said stationary die 
plate (12). 
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A forming machine according to claim 1 or 2, 
wherein said mold clamping hydraulic circuit 
(110) includes a supply line (116) for supplying 
a pressurized fluid having said pressure, a 
mold-clamping line (124) connected to said 5 
first fluid chamber (38), a mold-unclamping line 
(126) connected to said second fluid chamber 
(40), a drain line (128) for draining said pres- 
surized fluid, and a control valve (120) which 
has a mold-clamping position for connecting w 
said supply line to said mold-clamping line and 
connecting said mold-unclamping line to said 
drain line, and a mold-unclamping position for 
connecting said supply line to said mold-un- 
clamping line and connecting said mold-clamp- 75 
ing line to said drain line. 

A forming machine according to any one of 
claims 1-3, further comprising a two-piece slid- 
ing member (50) interposed between said 20 
movable die plate (20) and said cylinder hous- 
ing (24) of said each mold clamping hydraulic 
cylinder (18), said two-piece sliding member 
consisting of a first member (52) and a second 
member (54) which slidably contact each other 25 
and one of which has a part-spherical surface 
whose spherical center lies on a center line of 
said cylinder housing. 

A forming machine according to any one of 30 
claims 1-4, further comprising a plurality of 
guide posts (16) fixed to said stationary die 
plate (12) for guiding said movable die plate 
(20), and wherein said at least one mold 
clamping hydraulic cylinder consists of a plu- 35 
rality of clamping cylinders (18) corresponding 
to said plurality of guide posts (16), said piston 
(36) being provided on a corresponding one of 
said guide posts, while said cylinder housing 
(24) being fixed to said movable die plate (20), 40 
said cylinder housing (24) slidably engaging 
said piston (36) and cooperating said piston 
and said guide post to define said first and 
second fluid chambers (38, 40). 

45 

A forming machine according to claim 5, 
wherein said plurality of clamping cylinders 
(18) are disposed at respective portions of said 
movable die plate (20) which are outside a 
portion of said movable die plate to which said 50 
movable die (22) is fixed. 

A forming machine according to claim 6, 
wherein said stationary and movable dies (14, 
22) cooperate to define a mold cavity (56) 55 
when said movable die is brought into abutting 
contact with said stationary die by said at least 
one mold closing and opening hydraulic cyl- 



inder (28), said mold cavity being filled with a 
molten material after said stationary and mov- 
able dies are clamped together by said plural- 
ity of mold clamping cylinders (18), said 
formed product consisting of a casting ob- 
tained after solidification of said molten ma- 
terial. 

8. A forming machine having a stationary die 
plate (12), a stationary die (14) fixed to the 
stationary die plate, a movable die plate (20), a 
movable die (22) carried by the movable die 
plate and facing the stationary die, a plurality 
of guide posts (16) fixed to outer portions of 
said stationary die plate outside an inner por- 
tion of said stationary die plate to which said 
stationary die is fixed, and a plurality of mold 
clamping hydraulic cylinders (18) having re- 
spective pistons (36) provided on said guide 
posts, respectively, said mold clamping hy- 
draulic cylinders further having respective cyl- 
inder housings (24) which are fixed to said 
movable die plate and axially slidably engage 
said guide posts and said pistons, said. station- 
ary and movable dies cooperating to produce 
a formed product when the stationary and 
movable dies are clamped together by said 
mold clamping hydraulic cylinders, character- 
ized by comprising: 

a two-piece sliding member (50) inter- 
posed between said movable die plate (20) 
and said cylinder housing (24) of each of said 
hydraulic cylinders (18), said two-piece sliding 
member consisting of a first member (52) and 
a second member (54) which slidably contact 
each other and one. of which has a part-spheri- 
cal surface whose spherical center lies on a 
center line of said cylinder housing. 

9. A forming machine according to claim 8. 
wherein said first and second members (52, 
54) consist of a lower ring (52) and an upper 
ring (54) which are fixed to said movable die 
plate (20) and said cylinder housing (24), re- 
spectively, one of said lower and upper rings 
having said part-spherical surface. 

10. A forming machine according to claim 9. 
wherein the other of said lower and upper rings 
has a substantially conical surface. 

11. A forming machine according to any one of 
claims 8-10, wherein said movable die plate 
(20) has through-holes through which said 
guide posts (16) and said cylinder housings 
(24) of said mold clamping hydraulic cylinders 
(18) extend, such that there exists a predeter- 
mined clearance between a surface defining 
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each of said through-holes and an outer cir- 
cumferential surface of a corresponding one of 
said cylinder housings, said clearance permit- 
ting said movable die plate to be buckled 
without exerting a stress on said corresponding 5 
one cylinder housing. 

12. A forming machine according to any one of 
claims 8-11, further comprising at least one 
mold closing and opening hydraulic cylinder 10 
(28) for moving said movable die plate (20) 
toward and away from said stationary die plate 
(12), said movable die being brought into abut- 
ting contact with said stationary die by said at 
least one mold closing and opening hydraulic 75 
cylinder before said stationary and movable 
dies are clamped together by said plurality of 
mold clamping hydraulic cylinders (18). 

13. A forming machine according to claim 12, 20 
wherein cylinder housing (24) and said piston 

(36) of each of said mold clamping hydraulic 
cylinders (18) are moved relative to each other 
as said movable die plate (20) is moved rela- 
tive to said stationary die plate (12) by said at 25 
least one mold closing and opening hydraulic 
cylinder (28), said cylinder housing, said piston 
and said guide post cooperating to define a 
first fluid chamber (38) whose volume in- 
creases when said movable die plate is moved 30 
toward said stationary die plate, and a second 
fluid chamber (40) whose volume increases 
when said movable die plate is moved away 
from said stationary die plate, said forming 
machine further comprising a mold clamping 35 
hydraulic circuit (110) for permitting a working 
fluid to flow between said first and second fluid 
chambers when said movable and stationary 
die plates are moved relative to each other by 
said at least one mold closing and opening 40 
hydraulic cylinder (28), and for applying a 
pressure of the fluid to said first fluid chamber 
to clamp said movable and stationary dies (14, 
22) together after said movable die is brought 
into abutting contact with said stationary die by 45 
said at least one mold closing and opening 
hydraulic cylinder. 

14. A forming machine according to claim 13, 
wherein said stationary and movable dies (14, 50 
22) cooperate to define a mold cavity (56) 
when said movable die is brought into abutting 
contact with said stationary die by said at least 

one mold closing and opening hydraulic cyl- 
inder (28), said mold cavity being filled with a 55 
molten material after said stationary and mov- 
able dies are clamped together by said plural- 
ity of mold clamping hydraulic cylinders (18), 
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said formed product consisting of a casting 
obtained after solidification of said molten ma- 
terial. 

15. A forming machine having a stationary die 
plate (12), a stationary die (14) fixed to the 
stationary die plate, a movable die plate (20), a 
movable die (22) carried by the movable die 
plate and facing the stationary die, and clamp- 
ing means for forcing said movable die plate 
toward said stationary die plate to clamp said 
movable and stationary dies together, said 
movable and stationary dies cooperating to 
define a mold cavity (56) which is to be filled 
with a molten material, to produce a formed 
product, characterized in that: 

said clamping means comprising a plural- 
ity of mold clamping hydraulic cylinders (18) 
disposed outside a periphery of said movable 
die (22), to force respective outer portions of 
said movable die plate (20) which are outside 
an inner portion of said movable die plate to 
which said movable die is fixed. 

16. A forming machine according to claim 15, fur- 
ther comprising a plurality of guide posts (16) 
fixed to outer portions of said stationary die 
plate (12) outside an inner portion of said sta- 
tionary die plate to which said stationary die 
(14) is fixed, and wherein each of said plurality 
of mold clamping hydraulic cylinders (18) in- 
cludes a piston (36) provided on a correspond- 
ing one of said plurality of guide posts, and a 
cylinder housing (24) which slidably engages 
said piston and which is fixed to said movable 
die plate (20). 

17. A forming machine according to claim 16, fur- 
ther comprising a two-piece sliding member 
(50) interposed between said movable die 
plate (20) and said cylinder housing (24) of 
said each mold clamping hydraulic cylinder 
(18), said two-piece sliding member consisting 
of a first member (52) and a second member 
(54) which slidably contact each other and one 
of which has a part-spherical surface whose 
spherical center lies on a center line of said 
cylinder housing. 

18. A forming machine according to claim 16 or 
17, further comprising at least one mold clos- 
ing and opening hydraulic cylinder (28) for 
moving said movable die plate (20) toward and 
away from said stationary die plate (12), said 
cylinder housing (24) and said piston (36) of 
said each mold clamping hydraulic cylinder 
(18) being moved relative to each other as said 
movable die plate is moved relative to said 
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stationary die plate by said at least one mold 
closing and opening hydraulic cylinder, said 
plurality of mold clamping hydraulic cylinders 
(18) operating to clamp said movable and sta- 
tionary dies (14, 22) together after said mov- 5 
able die (22) is brought into abutting contact 
with said stationary die (14) by said at least 
one mold closing and opening hydraulic cyl- 
inder. 
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